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"MICROBIOCIDAL CLEANSING OR DISINFECTING 
FORMULATIONS AND PREPARATION THEREOF" 

Cross-Reference to Related Cases 

This is a continuation-in-part of application Serial No. 
047,561, filed on April 27, 1987; 781,710 filed on October 2, 
1985; 635,728 filed on July 30, 1984. now abandoned; application 
Serial No- 658,695 filed on October 9, 1984, now abandoned; 
application Serial No. 713,445 filed on March 19, 1985, now 
abandoned; appUcation Serial No. 736,652 filed on May 21, 1985; 
application Serial No. 744,916 filed on June 13, 1985; and 
application Serial No. 744,730 filed on June 13, 1985, now 
abandoned; all of which are continuations-in-part of application 
Serial No. 570,952 filed March 8, 1984, which in turn was a 
continuation of application Serial No. 523,734 filed August 16, 
1983, now abandoned, which was a continuation of application 
Serial No. 226,006 filed January 19, 1981, now abandoned, which 
was a continuation of appUcation Serial No. 930,879 filed August 4, 
1978, also now abandoned. 

Technical Field 

The present invention relates to microbiocidal 
compositions and methods for the preparation and use of such 
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compositions. Properly used in accordance with the present 
invention, these microbiocidal compositions are effective in killing 
or inhibiting a wide variety of harmful, destmctive, or offensive 
microorganisms including viruses, bacteria, algae, yeasts, and 
molds. 

Background 

Discussion of the present invention and its background 
win be facilitated by definition of several terms. 

As used herein, the term "microorganism" means any 
organism that cannot easily be seen with die naked eye and includes 
organisms such as bacteria, molds, yeasts, fungi, algae and viruses. 
"Antimicrobial" and "microbiocidal" describe the killing of, as 
well as the inhibition of the growth of, bacteria, yeasts, fungi, 
algae, and molds. "Bactericidal" describes the killing or inhibition 
of the growth of bacteria. 'Timgicidal" describes the killing of, as 
well as the inhibition of the growth of, fungi, yeasts and molds.. 
The term "viricidal" is used to describe the inactivation of vims 
particles so tiiat they are unable to infect host cells. The term 
"plastic," as used herein, includes both thermosetting and 
themioplastic materials. Examples of "plastic" materials include, 
but are not limited to, polyolefins (such as polyethylenes, 
polypropylenes, polybutylenes) polystyrenes, vinyl phenolics, 
vinyl acetates, polymeric vinyl chlorides, ureas, melamines, 
acryhcs, polyesters, epoxies and nylons. The terni "molded" as 
used in this application is used in its broad sense to include any 
technique for foraiing plastic or other materials. Molding is 
generally, but not always, accomplished with elevated temperature 
and includes, but is not limited to, forming methods such as 
potting, extruding, sheeting, calendering, puUtniding, casting, 
vacuum forming, blow molding, and the like. 

The term "cleansing agent" includes any substance 
capable of cleaning, emulsifying, or removing unwanted material 
from a surface. The tenn "detergent" describes any substance or 
product which is capable of dislodging, removing, or dispersing 
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soHd and liquid soUs from a surface being cleansed. The term 
"detergent" also includes soaps comprising metal salts of long cham 
fatty acids. The term "disinfectant" includes any liquid that is 
capable of killing or inhibiting microorganisms. 

The term "free hydroxyl" as used herein means an 
oxygen that is bonded to a phosphoms in a phosphate group. 

Bacteria, fungi, viruses, algae and other 
microorganisms are always present in our environment. Such 
microorganisms are frequently an essential part of ecological 
systems, industrial processes, and healthy human and anmial bodily 
functions, such as digestion. In other instances, however, the 
presence of microorganisms is highly undesirable because they may 
cause illnesses or death of humans and animals, create odors and 
damage or destroy a wide variety of materials. 

The species and numbers of microorganisms present 
vary depending on the general environment, on the nutrients and 
the moismre available for the growth of the microorganisms, and 
on humidity and temperature of the local environment. Nutrients 
for microorganisms abound in the normal environment. Any 
protein matter such as dried skin, discarded foods, plants, and 
a nimal wastes all are excellent nutrient media for many types of 
potentially harmful microorganisms. Furthermore, many organic 
synthetic and natural materials like plastic coatings and objects, and 
wood, paper and natural fibers can serve as nutrients for 
microorganisms which will degrade those materials. In addition, 
certain bacteria are capable of remaining viable in a dormant state 
on floors or on objects for long periods of time until they are 
deposited in the proper media for growth. Consequently, 
potentiaUy harmful microorganisms can be transported merely by 
walking on floors, brushing against waUs or furniture or by 

handling objects. 

It is well recognized that a major difficulty m health 
care faciUties, such as hospitals and nursing homes, is the spread of 
dangerous infectious diseases caused by a wide variety of 
microorganisms. The problem is exacerbated in these facHities 
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because many of the patients are in a weakened condition due to 
their primary healtii care problem. A microorganism that would 
not be a major threat to a healthy person could be fatal to a patient 
with a diminished capacity to defend himself from infection. 

Potentially dangerous microorganisms are spread in . 
health care facilities and elsewhere by a variety of vectors. One of 
the most common vectors is health care personnel For example, a 
nurse or doctor may administer care to one patient and then be 
called upon to treat a second patient Even though he or she inay 
carefuUy wash his or her hands before treating the second patient, 
potentially dangerous microorganisms may be transferred from the 
first patient to the second patient. The microorganism can then 
cause a serious infection in die second patient. 

In short, the control of microbial contamination and 
infection has been a major problem throughout history in both 
industry and the home, and such infection and contamination 
continues to cause disease, death, and destmction of property. It 
has proved difficult, however, to develop a microbiocidal additive 
that is effective in controlling the growth of a wide variety of 
imwanted microorganisms and is, at the same time, safe for use 
around human beings and animals. Accordingly, there is an acute 
need, both in industry and in the home, for a safe and effective 
microbiocidal additive that can be used in or on a wide variety of 
substances to impart microbiocidal activity to the product from 
which the substance is made. 

One of the sources of difficulty in the control of 
potentially harmful microorganisms is the extreme variabiHty of 
response of various microorganisms to conventional microbiocidal 
agents. For example, bacteria, which are classified as procaryotes, 
can be killed or inhibited by many different types of antibiotics. 
However, these same antibiotics that are effective against 
procaryotic organisms are. usually ineffective against eucaryotic 
microorganisms, such as fimgi and yeasts. 

Even within the.family of Bacteriaceae^ there are two 
broad categories of bacteria known as Grain-positive and Gram- 
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negative bacteria. These classifications stem from the ability or 
non-ability of bacteria to absorb certain vital stains, and the two 
groups of bacteria generally respond differently to the same 
microbiocidal agent. A particular agent that may be effective 
against one group may not be effective against the other group. 

One conventional method of inhibiting the growth of 
both eucaryotes and procaryotes or both Gram-negative and Gram- 
positive bacteria is to combine two or more microbiocidal 
inhibitors, each designed to inhibit or kiU a specific organism or 
class of organisms. However, various problems arise when 
introducing two or more additives into a material such as a 
detergent. The multiple additive system may alter the physical 
properties of the detergent into which it is mixed. In addition, the 
multiple components must be tested to insure compatibility and 
continued microbiocidal effectiveness when combined with the 
detergent. The relative microbiocidal or microbiostatic strength of 
each of the components in the multiple system must be determined. 
It is not uncommon for the coinbination of microbiocidal additives 
to initially have effective inhibiting or kiUing properties for botii 
Gram-positive and Gram-negative organisms whereupon, with tiie 
passage of time, one or the otiier of the inhibiting additives will 
deteriorate and lose its effectiveness while the otiier inhibiting 
additive remains effective. In addition, one additive may have an 
unexpected inhibitory effect on tiie otiier additive. In addition, die 
requirement of adding two or more additives can become 
prohibitively expensive. 

The ideal microbiocidal additive must be non-toxic to 
humans and animals around which the additive is used. Such an 
additive should not cause an allergic reaction and must have no long 
term detrimental healtii effects on humans or animals. Finally, 
- such- an microbiocidal additive should be compatible witii tiie 
material witii which it is being used and not cause tiie material to 
deteriorate or lose its desired properties. 

Summary of the Invention 
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The present invention solves the problems described 
above by providing a composition including a broad spectrum, 
safe, microbiocidal additive that is effective in killing or inhibitmg 
a wide variety of microorganisms including vimses. bactena, 
yeasts, molds and fungi and algae. The microbiocidal additive 
comprises a phosphate derivative having microbiocidal activity. 
The microbiocidal phosphate derivative has at least one free 

hydroxyl group thereon- 

The present invention solves the above problems by 
providing a safe cleansing solution containing a microbiocidal 
additive. The additive can be added to water to provide a 
microbiocidal agent or can be added to a conventional detergent to 
provide a microbiocidal cleansing agent. The detergents that can be 
used in the present invention include, but are not limited to, linear 
aHcyl sulfonates and alkyl benzene sulfonates. These detergents also 
include, but are not limited to, metal salts of long chain fatty acids. 
The microbiocidal cleansing agent of the present mvention is 
effective in killing or significantiy inhibiting the growth of a vnde 
spectrum of botii procaryotic and eucaryotic microorganisms 
which may reside on surfaces to be cleaned or treated with tiie 
microbiocidal detergent. Thus, in accordance with the present 
invention, it has been determined tiiat certain alkyl phosphate 
additives provide unique and unexpected fungicidal, viricidal and 
bactericidal properties to a conventional detergent. 

The microbiocidal cleansing agent of the present 
invention has the capacity to kill or inhibit the growth of many 
types of bacteria, fungi, vimses, yeasts and other destructive or 
disease-producing microorganisms which might be on a surface 
cleaned with the microbiocidal detergent of the present mvention. 
The microbiocidal cleansing agent of the present invention is 
particularly effective against both Gram-positive bacteria, such as 
Staphylococcus aureus, and Gram-negative bacteria, such as 

Pseudomonas aeruginosa. 

The microbiocidal cleansmg agent of the present 
invention also comprises a method for the preparation of and the 
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incorporation ii.to detergents of the alkyl phosphate additives that 
XeT detergents the ability to VdU or significanUy redu« 
icterial growth, togal growth and yeast growth on surfaces tha 
Sid with the detergent The microbiocidal cleansmg agem 
t^r^sent invention also inactivates vims particles that may be 
onte sXe that is cleaned with the microbiocidal detergent of 
pLem invention. In addition, by adjusting the concenwnon 
oi t^e reactants in the preparation of the alkyl phosphate addthve 
4e bactericidal activity of the resulting alkyl phosphate addmve 

be selected. Tte alkyl phosphate additive .^^ P^P^^^ 
that it is effective primarily agamst Gram-negattve bactena. agatnst 
Gram-positive bacteria or both. 

The microbiocidal additive of the present mvention is a 
phosphate derivative with at least one free hydroxyl group. TTie 
phosphate derivative has the foUowing general formula: 

O 
II 

X*- — o — P — OR 



OR' 



R and R' may be alkyl, aryl,aralkyl and alkaryl groups 
including but not limited to, straight chain, branched chain or 
groups having from 1 to 24 -bon atoms 
polyoxyethylene or polyoxypropylene havmg f™'" / to 32 
eSyler^ oxide or propylene oxide units respectively, alkyl phenoxy 
polyoxyefliylene containing 2 to 32 ethylene ox.de -""t^- ;l^yl 
phMioxy polyoxyethylene containing etiiylene oxide umB and 1 to 
S S «oms in tiie phenolic alkyl chain, and po yhydroxy 
compounds, including but not limited to. ethylene glycol, glycerol 
or sori>itol, wherein R and R' include at least one free hydroxyl 

X is selected from the group consisting of Group lA 
metals. Group HA metals, transition metals, hydrogen, and an 
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organic ion. The positively charged ion is not necessary for 
microbiocidal activity. 

The microbiocidal additive of the present invention can 
be added to a wide variety of materials in accordance with the 
present invention to impart microbiocidal activity to -those 
materials. 

For example, the microbiocidal additive of the present 
invention can be added to aqueous solutions of detergents in 
accordance with the present invention to provide microbiocidal 
cleansing agents. In addition, the present invention can be added to 
water or other solvents to provide an effective disinfectant. 

The microbiocidal additive of the present invention is 
capable of killing the causitive organism of Legionaires' disease, 
Legionella pneumophilia. Thus, the present invention embraces 
addition of the identified compound to cooling tower water to 
control the growth of diis pathological organism. 

Accordingly, it is an object of the present invention to 
provide for the use of microbiocidally effective phosphate 
derivatives in and on a variety of products. 

Another object of the present invention is to provide 
for the use of microbiocidally effective phosphate derivatives 
which can be added to an aqueous detergent to impart 
microbiocidal activity to the detergent. 

Yet another object of the present invention is to provide 
for the addition of microbiocidally effective phosphate derivatives 
to water or other solvents to provide effective disinfectants. 

Another object of the present invention is to provide 
for incorporation of microbiocidally effective phosphate 
derivatives into detergents to provide a cleansing agent with 
. microbiocidal activity against a wide variety of organisms 
including bacteria, fungi, molds, algae and viruses. 

Anbflier object of the present invention is to provide 
for incorporation into products or application onto products of 
microbiocidally effective phosphate derivatives to preserve the 
products from degradation by microorganisms. 
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Another object of the present invention is to provide an 
effective insecticidal phosphate derivatives which can be mixed 
with an aqueous detergent solution and used to wash an animal or 
object to kill or repel insects or related organisms. 

Another object of the present invention is to provide a 
microbiocidal phosphate derivative. 

These and other objects, features and advantages of the 
present invention will become apparent after a review of the 
foUowing detailed description of the disclosed embpdmient and the 
appended claims. . . 

Detailed Description of the Preferred Embodiment _ 

The present invention relates to microbiocidal and 
insecticidal compositions comprising certain derivatives of 
phosphates. When used in accordance with the present mvention, 
L phosphate derivatives are capable of kiUing or inhibitmg the 
growth of a wide variety of microorganisms includmg fungi, 
yeasts, viruses, algae and bacteria. V 
The phosphate derivative utilized in accordance with 
the present invention inhibits the growth of the following 
representative Gram-negative and Gram-positive bactena: Sarcina 
lutea Staphylococcus species. Pseudomonas aeruginosa, 
Pseudomonas cepacia, Escherichia coli. Escherichia communior 
Bacillus subdlis, Klebsiella species. Salmonella species. Legionella 
pneumophilia. Enterobacter aerogenes Streptococcus species. 
The phosphate derivative alsb inhibits the growth of the foUowmg 
representative fungi and yeasts: Candida albicans. Trichophyton 
metagrophytes. Trichophyton rubrum. Trichophyton interdigitale 
and Aspergillus niger. In addition, the phosphate derivative also 
inactivates Herpes simplex vims. The foregoing microorganisms 
are representative of those organisms that are responsible for 
infections in hospitals and other health care facilities. 

The microbiocidal additive of the present mvention can 
be added to water or other solvents to provide a disinfectant 
formulation or can be added to a conventional detergent to provide 
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a microbiocidal cleansing agent. The detergents that can be used in 
the present invention include, but are not limited to. linear alkyl 
sulfonates and alkyl benzene sulfonates. These detergents also 
include, but are not limited to, metal salts of long chain fatty acids. 

Such a microbiocidal cleansing agent is effective in 
killing or significantly inhibiting the growth of a wide spectrum of 
both procaryotic and eucaryotic microorganisms which may reside 
on surfaces to be cleaned or treated with the microbiocidal 
detergent. Thus, in accordance with the present invention, it has 
been determined that certain phosphate derivatives impart 
fungicidal, algaecidal, viricidal and bactericidal properties to a 

conventional detergent. 

The microbiocidal additive of the present invention can 
be mixed in water at various concentrations and be used as a 
disinfectant foraiulation to kill or inhibit microorganisms that may 
reside on that surface. For example, a solution of die additive of 
the present invention containing from approximately 500 to 1000 
parts per million (PPM) of the phosphate derivative makes an 
excellent disinfectant formulation for Hght duty such as mopping 
and cleaning of hard surfaces such as vinyl waHs, floors, counters 

arid table tops. 

For more demanding microbiocidal activity such as 

that required for a surgical scrub, the phosphate derivative can be 

mixed in with a conventional detergent at a concentration of 

between approximately 15% and 70% by weight. 

The microbiocidal cleansing agent prepared by the 
addition of the microbiocidal additive of the present invention to a 
conventional cleansing agent has the capacity to kill or inhibit the 
growth of many types of bacteria, fungi, viruses, yeasts and other 
destructive or disease-producing microorganisms which might be 
on a surface. Such a microbiocidal cleansing agent is particularly 
effective against both Gram-positive bacteria, such as 
Staphylococcus aureus, and Gram-negatiye bacteria, such as 
Pseudomonas aeruginosa. 

In accordance with the present invention, the phosphate 
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derivative can be added to the water in cooling towers or can be 
included in a coating that is used to coat the surfaces in cooling 
towers to kiU or inhibit the growth of the pathogen that causes 
l^egionakc's disease, Legionella pneumophilia. 

The phosphate derivative has also been found to be an 

effective deodorant 

Although not wanting to be bound by the following 
description of the mechanism of the microbiocidal additive of the 
present mvention, it is beUeved that at least one free hydroxyl 
group on the phosphate group is necessary for microbiocidal 
activity. Thus, if aU of the hydroxyl groups are replaced with alkyl 
or other organic groups, the phosphate derivative will no longer 
exhibit microbiocidal activity. It is believed that, in general, the 
more hydroxyl groups that are free, the greater the gram negative 
microbiocidal activity will be exhibited by the phosphate 
derivative. 

The microbiocidal additive of the present invention can 
be more specificaUy defined as a phosphate ester with at least one 
free hydroxyl group with the foUowing general formula: 

O 

X+ ""O — P — OR 
I 

OR* 



wherein: 

R and R* may be alkyl. aryl. aralkyl and alkaryl groups 
including, but not limited to, straight chain, branched chain or 
cyclic alkyl groups having from 1 to 24 carbon atoms, 
polyoxyethylene or polyoxypropylene having from 2 to 32 
ethylene oxide or propylene oxide units respectively, alkyl phenoxy 
polyoxyethylene containing 2- to 32 ethylene oxide units, alkyl 
phenoxy polyoxyethylene containing ethylene oxide units and 1 to 
24 carbon atoms in the phenoUc alkyl chain, and polyhydroxy 
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compounds, including but not limited to, ethylene glycol, glycerol, 
or sorbitol, wherein R and R' include at least one free hydroxyl 
group. 

R may also be hydrogen, but only if X is a quatemary 

amine. 

X is selected from the group consisting of Group lA 
metals, Group DA metals, transition metals, hydrogen, and an 
organic ion. 

A preferred structore of the phosphate derivative 
comprises the following formula: 

O 

+ - II 
X O — P — OR 

I 

OR' 

wherein: 

R and R' = an alkyl group of from 6 to 18 carbon atoms 
• and one group can be H. 

X is selected from the group consisting of Group lA 
metals. Group DA metals, transition metals, hydrogen, and an 
organic ion. The microbiocidal additive defined by this formula is 
water insoluble or only slightly soluble in water and is especially 
useful for addition to noh-aqueous products such as plastics, fibers 
and non-aqueoTis coatings. An aqueous suspension of die 
phosphates with the alkyl group of greater than 6 carbon atoms in 
the R position can be prepared by adding a surfactant such as Tween 
80 (Sigma Chemical Company, St. Louis, MO) or other suitable 
nonionic surfactant. 

An especially preferred structure of the microbiocidal 
additive of the present invention comprises a phosphate with the 
following formula: ■ - ^ 
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+ 
X 




wherein. ^ ^ ^^^^ ^^^^ ^ ^ carbon atoms 

and one group can be H. . . ^ r-^ ta 

X is selected from the group consisting of Group lA 
metals, Group IIA metals, transition metals, hydrogen, and an 

■ • 

organic lon.^ microbiocidal additive defined by this formula is 

water soluble and is especially useful as an additive for a 

disinfectant or for a detergent . i.- •^„i 

* An additional preferred structure of the microbiocidal 

additive of the present invention has the foUowing formula: 

.0 
II 

X*- -O— P— OqHj^ 
OR 



wherein : 



R = HorC8H^7; and ta 
X is selected from the group consisting of Group lA 
metals. Group IIA metals, transition metals, hydrogen, and an 

organic ion. . ^ , 

Another especially preferred embodiment of the 

present invention has the following formula: 



O 
II 

OH 



wherein : 

RsHorCiHs; and 
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X is selected from the group consisting of Group lA 
metals. Group IIA metals, transition metals, hydrogen, and an 
organic ion. 

This embodiment of the microbibcidal additive of the 
present invention is soluble in water. 

When the additive utilized in accordance with the 
present invention is incorporated into a non-aqueous material such 
as a plastic or fiber, the microbiocidal activity of the product can be 
improved by substituting for "X" a large organic ion such as a 
quaternary amine. An example of such a compound is a tertiary 
amine with the following general formula: 

Ri 

wherein: 

Ri = an alkyl group of from 4 to 18 carbon atoms or a 
hydroxy alkyl group of from 1 to 18 carbon atoms. The Ri groups 
are not necessarily identicaL 

R2 = an alkyl group of from 8 to 18 carbon atoms. 

Another especially preferred embodiment of the 
present invention is an alkyl phosphate derivative with the 
following formula: 

CHLOH 
1 + 

CHgOH 

This especially preferred embodiment can be prepared 
by partially neutralizing phosphoric acid with between 1 to 2 moles 
of the tertiary amine. If more tertiary amine is used to neutralize 
the phosphoric acid, the free hydroxyls on the jphosphate group will 
be eliminated and it is believed that the microbiocidal activity of the 
compound will be diminished. 
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The type of component to be used as the "X" substituent 
will depend largely upon the compatibility of the base material for 
the "X" substituent. 

The microbiocidal additive of the present invention 
may be prepared as foUows: One mole of phosphorous pentoxide 
is reacted with between approximately 1 to 3 moles of an alcohol. 
The alcohol can be an alkyl or an aryl compound. The alkyl alcohol 
can be straight chained, branched chain or cyclic. It is beUeved 
that the important aspect of the phosphate derivative is that the 
compound have at least one free hydroxyL The alcohol should^be 
heated to a temperature of between approximately 60" and 120° C 
depending upon the boiling point of the alcohol used. 

The phosphorous pentoxide is slowly added to the 
alcohol while the mixture is vigorously agitated. The reaction is 
complete two to four hours after the addition of phosphorous 

pentoxide is completed. 

The product formed in this reaction is a mixture of 
mono-ester phosphate and di-ester phosphate. The reaction 
equation is as follows: 

O O 
P O +3ROH ^ HO— P— OR + HQ— P— OR 



I I 
OH OR 



where R is the alkyl or aryl group depending upon the substituent 
used. 

The phosphate derivative is an effective microbiocidal 
compound and is capable of killing or inhibiting a wide variety of 
microorganisms including bacteria, yeasts, fungi, algae, molds and 
virases. 

The phosphate can be partially neutralized with a 
tertiary amine as shown in the following reaction equation: 
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R2— N 



o o 

" ^ E 

+ HO— P — OR + HO— P— OR 
OH OR 



The preferable range for X is between approximately 1 
and 1.5 moles with the especially preferable range of 
approximately 1.3 moles. 

This reaction results in a mixture of the following 
mono-aHcyl phosphate amine product: 



Ri O 

U- 11 
R= — N O P— OR 

r- » 

and the following di-alkyl phosphate amine product 



Ri 

U- 

N O- 

w 

Ri 



o 

11 



OR 



OR 



and the following monoalkyl phosphate: 



O 
II 

HO— P—OR 
I 

OH 

wherein: 

R = a straight chain or a branched chain alkyl group of 
from 1 to 18 carbon atoms; 

Ri = an zilkyl group of from 4 to 18 carbon atoms or a 
hydroxyalkyl group of from 1 to 1 8 carbon atoms . 

= a straight chain or a branched chain 
alkyl group of from 8 to 1 8 carbon atoms. 
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The microbiocidal activity of the phosphate derivative 
of the present invention is evaluated as foUows. Petri dishes are 
prepared using appropriate nutrient agar as a food source for the 
microorganism to be tested. The microorganism is seeded into the 
agar as is weU known to one or ordinary skill in the art. A hole 
6mm in diameter and 5mm deep is cut into the agar. 0.05 ml. of 
each of the indicated test compounds is placed in the hole and the 
inoculated petri dish is incubated for 24 hours at 37*»C. After the 24 
hour incubation period, the relative susceptibility of the test 
organisms to the phosphate deri\ ative of the present invention is 
demonstrated by a clear zone of jirowth inhibition around the test 
solution. This zone of inhibition is the result of two processes: (1) 
the diffusion of the compound and (2) growth of the bacteria. As 
the phosphate derivative diffuses through the agar medium from 
the hole, its concentration progressively diminishes to a point 
where it is no longer inhibitory for the test organism. The area of 
the suppressed microbial growth, the zone of inhibition, is 
determined by the concentration of the phosphate derivative 
present in die area. Therefore, within the limitations of the test, the 
area of the inhibition zone is proportional to the relative 
susceptibility of the microorganisms to the phosphate derivative of 
die present invention. 

After the 24 hour incubation period, each plate is 
examined and the diameters of the complete inhibition zones are 
noted and measured using either reflected Hght and a measuring 
device such as sliding caHpers, a ruler,. or a template prepared for 
this purpose and held on the bottom of the plate. The end point, 
measured to the nearest millimeter, is the point at which no visible 
growth that can be detected with the unaided eye minus the 
diameter of the test drop or sample. The area of the zone of 
inhibition is then calculated. 

The following examples wiU serve to further iUustrate 
the present invention without, at the same time, however, 
constitoting any limitation thereof. 
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Example I 

The mono-ethyl alkyl phosphate derivative is prepared 
as follows: One mole of phosphorous pentoxide is reacted with 
three moles of ethanol at a temperature of 60°C. The phosphorous 
pentoxide is slowly added to the ethanol while the mixture is 
vigorously agitated. At^the reaction temperature of 60°C the 
reaction is complete in about two hours. The progress of the 
reaction is detemiined by titrating the acid that is produced with a 
solution of potassium hydroxide. The reaction products include 
approximately equimolar quantities of the mono-ethyl alkyl 
phosphate and the di-ethyl alkyl phosphate. The mono-ethyl alkyl . 
phosphate is the more microbiocidaUy active species. 

Example 11 

The mono-(2-ethylhexyl) phosphate derivative is 
prepared as follows. One mole of phosphorous pentoxide is reacted 
with fliree moles of 2-ethyIhexanol at a temperature of lOO^'C. The 
phosphorous pentoxide is slowly added to the ethanol while the 
mixture is vigorously agitated. At the reaction temperature of 
lOO^C the reaction is complete in about two hours. The progress of 
the reaction is determined by titrating the acid that is produced widi 
a solution of potassium hydroxide. The reaction products include 
approximately equimolar quantities of the mono-(2-efliylhexyl) 
alkyl phosphate and the di(2-ethylhexyl) alkyl phosphate. The 
mono-(2-ethyIhexyl) alkyl phosphate is the more microbiocidally 
active species. 

Example III 

Since the preferred method of preparing the phosphate 
of Examples I and 11 results in two reaction products, the mono- 
alkyl phosphate and the di-alkyl phosphate, the relative 
microbiocidal activity of each of the products is evaluated. 

Three samples are tested: 

1. 91% mono-(2-etiiylhexyl) phosphate, 9% di-(2- 
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ethylhexyl) phosphate 

2. 55% mono-(2-ethylhexyl)phosphate and 45% di- 

(2-ethylhexyl) phosphate- 

3. 95% di-(2-ethylhexyl) phosphate, 5% mono-(2- 

ethylhexyl) phosphate. 

Petri dishes are prepared using trypticase soy nutrient 
agar (Baltimore Biological Laboratory. CockeysviUe, MD). The 
microorganisms used in this test are the Gram-positive 
Staphylococcus aureus and the Gram-negative Pseudomonas 
aeruginosa. Each microorganism is seeded into the agar as is weU 
known to one of ordinary skill in the art. A hole 6mm in diameter 
and 5mm deep is cut into the agar. 0.05 ml. of each of the indicated 
test compounds is placed in the hole, and the inoculated petri dish is 
mcubated for 24 hours at 37«C. After the 24 hour incubation 
period, the relative susceptibility of the test organisms to the 
phosphate derivative of the present invention is demonstrated by a 
clear zone of growth inhibition around the test solution. 

After the 24 hour incubation period, each plate is 
examined and the diameters of the complete inhibition zones are 
noted and measured as described above. Each test is performed at 
least 6 times. The areas shown in Table A are the average of the 6 
separate tests. 

Table A 



Zone of Inhibition in mm^ 

Organism .... 91%Mono.ester Mixture 95% Dj-efter 

* 9% Di-ester 55% Mono- 5% Mono- 

ester/45% Dl- ester 

ester 



S. aureus 
P. aeruginosa 



352 240 148 

319 148 28 



The results of Table A indicate that the mono-alkyl phosphate is die 
compound which has the significant amount of the microbiocidal 
activity. 



BNSDOCID: <WO 89OI023A1 J_> 



wo 89/01023 



20 



PCT/US88/02647 



Example IV 

To produce a microbiocidal alkyl phosphate derivative 
that can be used with a detergent to make a microbiocidal detergent, 
the reaction product of Example II is partially neutralized with 
bis(hydroxyethyl) cocoamine. 1.3 moles of bis (hydroxyethyl) 
cocoamine per mole each of the reaction products from Example I 
is slowly added to the reaction product from Example I until the pH 
is between approximately 3.2 and 3.8 in a 75% ethanol solution. 
This reaction is carried out at a temperamre of 100*'G. The 
reaction mixture is vigorously agitated during the reaction. 

An aqueous mixture of the microbiocidal alkyl 
phosphate is prepared by mixing the alkyl phosphate derivative 
from Example II with an aqueous detergent solution. The 
concentration of aUcyl phosphate derivative is .05%. The 
microbiocidal detergent is heated to 85''C. Cotton fabric is then 
introduced and remains in the heated solution for 15 minutes. The 
fabric is then rinsed in water at 40° C, removed, and dried. 

Square samples of the treated fabric of approximately 
400 mm2 are cut and placed on agar plates which have previously 
been inoculated with Staphylococcus aureus and Pseudomonas 
aeruginosa'.; the plates are then incubated at 35°C for 24 hours. 

After the 24 hour incubation, neither Staphylococcus 
aureus nor Pseudomonas aeruginosa are found to be present in or 
on liie squares. Microscopic examination shows a zone of 
inhibition around die individual threads. 

Example V 

To produce a microbiocidal alkyl phosphate derivative 
that can be used with a detergent to make a microbiocidal detergent, 
the reaction product of Example II is neutralized with 
bis(hydroxyethyl) cocoamine. 1.3 moles of bis (hydroxyethyl) 
cocoamine per mole each of the reaction products from Example I 
is slowly added to the reaction product from Example n until the 
pH is between approximately 3.2 and 3.8 in a 75% ethanol solution. 
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This reaction is carried out at a temperature of 100°C. The 
reaction mixture is vigorously agitated during the reaction. 

A dry free-flowing mixture comprising the 
microbiocidal cleansing agent of the present invention is prepared 
by mixing 0.3 grams of the above alkyl phosphate amine derivative 
with 138.5 grams of "All" detergent as purchased over the counter. 
One gram of the cleansing agent mixture is then placed in the center 
of appropriately inoculated petri dishes and incubated for 24 hours 
at 37*'C. Control plates are also prepared with one gram samples of 
the detergent without any phosphate derivative. After this period 
of incubation, each plate is examined and the diameters of the 
inhibition zones are measured. The results are shown in Table B. 



Table B 


Organism 


Zone of Inhibition 
in mm^ for detergent and 
alkyl phosphate derivative 


Zone of Inhibition 
in mm* for detergent 
(Control) 


5. aureus 
P. aeruginosa 


2827 
1017 


706 
113 



The detergent alone exhibits some microbiocidal 



activity probably because of the presence of sodium hypochlorite 
which would be washed out of fabrics during the rinsing process. 
In any event, the detergent plus additive demonstrates a significant 
increase in microbiocidal activity over the detergent alone. 



Example VII 

The microbiocidal capability of an alkyl phosphate 
amme is demonstrated by the following example. Between 0.5 
moles and 3.0 moles of bis(hydroxyethyl) cocoamine per mole of 
the reaction products from Example n is slowly added to the 
reaction products from Example H until the pH of the solution is 
between approximately 2.5 and 6 in a 75% edianol solution. This 
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reaction is carried out at a temperature of lOO^C. The reaction 
mixture is vigorously agitated during the reaction. The resulting 
compounds are tested for microbiocidal activity. 

Petri dishes are prepared using trypticase soy nutrient 
agar (Baltimore Biological Laboratory, Cockeysville, MD). The 
microorganisms used in this test are the Gram-positive 
Staphylococcus aureus and the Gram-negative Pseudomonas 
aeruginosa. The microorganisms are seeded into nutrient agar as is 
well known to one of ordinary skill in the art. A hole 6mm in 
diameter and 5mm deep is cut into the agar. 0.05 mL of each of the 
indicated test compounds is placed in the hole and the inoculated 
petri dish is incubated for 24 hours at 37**C. After the 24 hour 
incnbation period, the relative susceptibility of the test organisms to 
the phosphate derivative of the present invention is demonstrated 
by a clear zone of growth inhibition aroimd die test solution. 

After the 24 hour incubation period, each plate is 
examined and the diameters of the complete inhibition zones are 
noted and measured. 

The results are summarized in Table C. 
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Table C 



Molar Ratio S. aureus P. aeruginosa 

of reactants Area of Inhibition measured in mm^ 



A. 


Product from Example n 


- B. 


0.5 moles cocoamine* 


C. 


1.0 moles cocoamine^ 


D. 


1.3 moles cocoamine^ 


E. 


1.5 moles cocoaimne* 


F. 


2.0 moles cocoamine^ 


G. 


2.5 moles cocoamine* 


H. 


3.0 moles cocoamine^ 


I. 


Cocoamine only 



3848 


706 


1520 


614 


907 


706 


452 


1257 


452 


38 


452 


13 


201 


13 


153 


0 


153 


0 



a Moles of cocoamine reacted with one mole each of the diest» and monoester produced in 
Example n. 

As can be seen in Table C, sample A, which is the 
reaction product from Example n, has excellent microbiocidal 
activity against both the Gram positive Staphylococcus aureus and 
the Gram negative Pseudomonas aeruginosa. The reaction product 
from Example n retains its microbiocidal activity against both 
these organisms even when reacted with up to 2 moles of the bis- 
hydroxyethyl cocoamine. When one mole each of the reaction 
product from Example n is reacted with more than 2 moles of the 
cocoamuie, the microbiocidal activity is diminished. 

While this invention has been described in detail with 
particular reference to preferred embodiments thereof, it will be 
understood that variations and modifications can be effected within 
the spirit and scope of the invention as described hereinbefore and 
as defined in the appended claims. 



BNSOOCIO: <WO e90102aA1 J.> 



wo 89/01023 24 PCT/US88/02647 



Claims 

I Claim: 



1. (Amended) A biocidal cleansing composition 
comprising a detergent with a biocidally effective amount of ' a 
phosphate ester having the general formula: 

6 
I 

HD — P — OR 
1 

OR* 

wherein R and R' are selected from the group consisting of allcyl, " 
aryl, aralkyl and alkaryl groups, one of R or R' can be H, and there 
is at least one free hydroxyl group. 

2. The biocidal cleansing composition of Claim 1 , 
wherein the phosphate ester is a partiaEy neutrahzed acid having 
the general formula: 

O 

X*- -o— P — OR 



OR' 

wherein: . . 

R and R' are selected from the group consisting 

of an alkyl, aryl, aralkyl and alkaryl group and either R or R' can 

be H; and , 

X is a positive ion selected from the group 

consisting of organic ions. Group lA metals. Group IIA metals and 

transition metals. 

3 . The biocidal cleansing composition of Claim 2, 
wherein R or R' is an alkyl group of from 1 to 18 carbon atoms. 
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4. The biocidal cleansing composition of Claim 2, 
wherein X has the following formula: 

U 

R2- N- H 



wherein: 

Ri is selected ^rom the group consisting of an 
alkyl group of from 4 to 18 carbon atoms and a hydroxy alkyl 
group of from 1 to 18 carbon atoms; and 

R 2 is an alkyl group of from 8 to 18 carbon 

atoms. 

5. The biocidal cleansing composition of Claim 4, 
wherein said biocidal phosphate ester has the following fonnula: 

QH4OH ^ 

C H ->Sh+ -o— P — OC^H 

12 25 I 

C^H^OH OR 

wherein: 

RisHorCaHs. 

6. The biocidal cleansing composition of 
aaim 2, wherein the X is a quaternary amine and R is hydrogen. 
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7. The biocidal cleansing composition of Claim 6, 
wherein the X in the microbiocidal phosphate derivative is a 
quaternary amine with the following general formula: 

■ Ri ..... 

U 

R5— N H 

Ri 

wherein: . 

Ri is selected from the group consistmg of an 

alkyl group of from 4 to 18 carbon atoms and a hydroxy allcyl 
group of from 1 to 18 carbon atoms; and 

R2 is an alkyl group of from 8 to 18 carbon 

atoms.. 

8. The biocidal cleansing composition of Claim 7, 
wherein said microbiocidal phosphate derivative has the following 
formula: 

CI-UOH O 
I? - II 

CHgCH OH 



S 
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9, A method of preparing a biocidal cleansing 
composition comprising the steps of : 

a. neutralizing phosphoric acid with 
between approximately 1 and 2 moles of 
bis(hydroxyethyl) cocoamine; and 

b. mixing the mixture from step (a) at a 
concentration of between approximately 0.01% and 
10% by weight with a detergent. 

10. A method of preparing a microbiocidal plastic 

material comprising the steps of: . ^ • i, 

a. reacting phosphorous pentoxide with 
between approximately 1 mole to 3 moles of a 
hydroxy alkyl, aiyl, alaryl or alkaryl compound at a 
temperamre between approximately 60*'C and 120°C 
to form a phosphate derivative with at least one free 

hydroxyl group; and 

b. mixing the mixmre from step (a) at a 
concentration of between approximately 0.01% and 
70% by weight with a detergent. 

1 1. The method of Claim 10, wherein said hydroxy 
alkyl group comprises 1 to 18 carbon atoms. 

12. The method of Claim i o , further comprising 
the step of reacting the product of step (a) with between 
approximately 0.5 to 1.5 moles of a tertiary amine, said tertiary 
amine having one substituent comprising an alkyl group of 8 to 18 
carijon atoms, and two substituents being selected from the group 
consisting of an alkyl group of from 4 to 18 carbon atoms and a 
hydroxy alkyl group of from 1 to 18 carbon atoms. 

13. The method of Claim 12, wherein the tertiary 
amine is bis(hydroxyethyl) cocoamine. 
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14. A microbiocidal cleansing agent prepared by a 
process comprising: 

a. reacting phosphorous pentoxide with 
between approximately 1 moles to 3 moles of a 
hydroxy aUcyl, aryl, alaryl or aDcaryl compound per 
mole of phosphorus pentoxide at a temperature 
between approximately 6Q°C and 120°C to fomi a 
phosphate derivative with at least one free hydroxyl 
group; 

b. reacting die product of step (a) with 
between approximately OJ to 1.5 moles of a tertiary 
amine, said tertiary amine having one substituent 
comprising an alkyl group of 8 to 18 carbon atoms, 
and two substituents being selected from the group 
consisting of an aUcyl group of from 1 to 18 carbon 
atoms and a hydroxy alkyl group of from 1 to 18 
carbon atoms; and 

c. mixing the mixture from step (a) at a 
concentration of between approximately 0.01% and 
70% by weight with a detergent. 

15. A disinfectant formulation comprising a 
biocidally effective amount of a phosphate ester having the general 
formula: 

O 
I 

HD — P — OR 
I 

OR' 



wherein: 

R and R" are selected from the group consisting 
of alkyl, aryl, aralkyl and aUcaryl groups, one of R or R' can be H, 
and thereis at least one free hydroxyl group. 

16. The disinfectant formulation of Claim 15, 
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wherein said liquid is water. 

17. The disinfectant formulation of Claim 15, 
wherein the phosphate ester is a partially neutralized acid having 
the general formula: 

O 

XT "~0 — P — OR 

I 

OR' 

wherein! 

R and R' are selected from the group consisting 
of an alkyl, aiyl. aralkyl and alkaryl group and eidier R or R' can 
be H; and 

X is a positive ion selected from the group 
consisting of organic ions. Group lA metals, Group IIA metals and 
transition metals. 

18. The disinfectant formulation of Claim 17, 
wherein R or R' is an alkyl group of from 1 to 18 carbon atoms. 
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19. The disinfectant formulation of Claim 
wherein X has the following foraiula: 



— N~ H 



I 



wherein: 

Ri is selected from the group consisting of an 
alkyl group of from 4 to 18 carbon atoms and a hydroxy alkyl 
group of from 1 to 18 carbon atoms; and 

R2 is an alkyl group of from 8 to 18 carbon 

atoms. 

20. The disinfectant formulation of Claim 19, 
wherein said biocidal phosphate ester has the following formula: 



GH4OH Y 

OR 

wherein R is H or C2H5. 

21. The disinfectant formulation of Claim 16,. 
wherein the X is a quaternary amine and R is hydrogen. 
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22. The disinfectant formulation of Claim 2i, 
wherein the X in the microbiocidal phosphate derivative is a 
quaternary amine with the following general formula: 



Ri 



+ 



Rj— N H 



wherein: 

Ri is selected from the group consisting of an 
alkyl group of from 4 to 18 carbon atoms and a hydroxy alkyl 
group of from 1 to 18 carbon atoms; and 

R2 is an alkyl group of from 8 to 18 carbon 

atoms. 

23. The disinfectant formulation of Claim 22, 
wherein said biocidal phosphate ester has the following formula: 

CH^H ^ 

C H -NH+ -Q— P — OCjH 

12 25 I I 

wherein R is H or C2H5. 

24. A method of preparing a disinfectant 
formulation comprising the steps of: 

a, neutralizing phosphoric acid with 
. between approximately 1 and 2 moles of 

bis(hydroxyethyl) cocoamine; and 

b. mixing the mixture from step (a) at a 
concentration of between approximately 0.01% and 
70% by weight with water. 
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25. A method of preparing a disinfectant 
formulation comprising tiie steps of: 

a. reacting phosphorous pentoxide with 
between approximately 1 mole to 3 moles of hydroxy 
alkyl, aryl, alaryl or alkaryl compound at a 
temperature between approximately 60° C and 120°C 

~ to form a phosphate derivative with, at least one free 
hydroxyl group; and 

b. mixing the mixture from step (a) at a 
cohceiitration of between approximately 0.01% and 
70% by weight with water. 

26. The method of Claim 25, wherein said hydroxy 
alkyl group comprises 1 to 18 carbon atoms. 

27. The method of Claim 25, further comprising 
the step of reacting the product of step (a) with between 
approximately 0.5 to 1.5 moles of a tertiary amine, said tertiary 
amine having one substiment comprising an aUcyl group of 8 to 18 
carbon atoms, and two substituents being selected from the group 
consisting of an alkyl group of from 4 to 18 carbon atoms and a 
hydroxy alkyl group of from 1 to 18 carbon atoms. 

28. The method of Claim 27, wherein the tertiary 
amine is bis(hydroxyethyl) cocoamine. 
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29. A disinfectant formulation prepared by a 

process comprising: 

a. reacting phosphorous pentoxide with 
between approximately 1 moles to 3 moles of a 
hydroxy alkyl, aryl, alaryl or alkaryl compound per 
mole of phosphorus pentoxide at a temperature 
between approximately eO^C and nO'C to form a 
phosphate derivative; 

b. reacting the product of step (a) with 
between approximately 0.5 to 1.5 moles of a tertiary 
amine, said tertiary amine having one substituent 
comprising an alkyl group of 8 to 18 carbon atoms, 
and two substituents being selected from the group 
consisting of an alkyl group of from 1 to 18 carbon 
atoms and a hydroxy alkyl group of from 1 to 18 
carbon atoms; and 

c. mixing the mixture from step (a) at a 
concentration of betweien approximately 0.01% and 
70% by weight with a liquid. 
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